The maintenance of mixed mating was studied in Shorea curtisii, a dominant and widely distributed dipterocarp species in Southeast Asia. Paternity and hierarchical Bayesian analyses were used to estimate the parameters of pollen dispersal kernel, male fecundity and self-pollen affinity. We hypothesized that partial self incompatibility and/or inbreeding depression reduce the number of selfed seeds if the mother trees receive sufficient pollen, whereas reproductive assurance increases the numbers of selfed seeds under low amounts of pollen. Comparison of estimated parameters of self-pollen affinity between high density undisturbed and low density selectively logged forests indicated that self-pollen was selectively excluded from mating in the former, probably due to partial self incompatibility or inbreeding depression until seed maturation. By estimating the self-pollen affinity of each mother tree in both forests, mother trees with higher amount of self-pollen indicated significance of self-pollen affinity with negative estimated value. The exclusion of self-fertilization and/or inbreeding depression during seed maturation occurred in the mother trees with PLOS ONE |
Introduction
reduce seed mass in a Shorea species [33] , which may in turn reduce the fitness of selfed seeds. Many studies have shown that dipterocarp species adopt a mixed mating strategy. However, it has been not verified whether the mixed mating of dipterocarps is regulated by the relative amount of self vs. outcross-pollen landing on stigma [competing selfing, 14] or coupled with inbreeding depression. If these factors do play a role in the control of mixed mating system of dipterocarps, it will be interesting to understand the underlying mechanism. Therefore, we revised the modeling of pollen dispersal and variance of male fecundity [35] by incorporating a parameter expressing inbreeding depression until seed maturation. In addition, we extend our study to another population with different population density (selectively logged forest). This modeling and comparative approach between populations with different population density allows us to infer the effect of pollen limitation and inbreeding depression on mixed mating system of the dipterocarp species.
In the present study, we hypothesized that early inbreeding depression (until seed maturation) reduces the number of selfed seeds in undisturbed forests in relation to the content and magnitude of the pollen cloud, which is regulated by individual male fecundity and pollen dispersal patterns. We also predicted pollen cloud conditions that would ensure reproductive assurance and/or reduce self-fertilization, which may contribute to the maintenance of mixed mating system.
Materials and Methods

Research plot, sampling strategy and molecular analysis
This research is not related to Human Subject Research and Animal Research. Forest Research Institute Malaysia (FRIM) has permission from authority to manage Semangkok Forest Reserve (Selangor Forest department, Malaysia). Japan International Research Center for Agricultural Sciences was guaranteed to conduct research there by FRIM under the MoU and research agreement between the two institutes. Semangkok Forest Reserve is located in and governed by the Selangor state (2°58'N, 102°18'E), 60 km north of Kuala Lumpur, in the Malaysian Peninsula and is a designated hill dipterocarp forest conservation area. In 1993, Niiyama et al. [36] established an undisturbed, 6-ha permanent plot (200 m × 300 m) on a narrow ridge and steep slope, ranging from 340 to 450 m above sea level. Another ca. 4-ha (100 m × 400 m) permanent plot was established within a selectively logged area of forest in 1994 and was extended to about 5.4-ha (ca. 140 m × 400 m) in 2007 [37] . All trees in both plots with a diameter at breast height (dbh) greater than 5 cm were tagged. Selective logging was carried out in part of the reserve in 1988. The felling intensity was 10% of the total basal area (BA) of all tree species larger than 5 cm dbh (total BA was ca. 35 m 2 ha -1 before and 31.5 m 2 ha -1 after the logging). Consequently, a large difference in adult tree density emerged between the two plots (21.3 trees ha -1 in the undisturbed and 6.7 trees ha -1 in logged plots) in 1998.
Samples of the inner bark or leaves of all S. curtisii individuals growing within both the plots (17 and three trees were growing in areas of the study plots adjacent to the undisturbed and logged plots, respectively) with dbh greater than 20 cm (defined as adult trees) were collected; these trees were considered to be the candidate pollen donors (Fig 1) . Mass and sporadic synchronized flowering events were observed in SFR in 1998, 2005 and 2002, respectively. Seeds were collected from under the canopies of seven (in 1998), ten (in 2005), 11 (in 2002) selected mother trees in the undisturbed plot, and four (in 1998), eight (in 2005) selected mother trees in the logged plot. We could not collect seeds from the logged plot in 2002, because mature seeds were not available in the plot. The number of seeds analyzed from each flowering event is presented in Table 1 . Genomic DNA was extracted directly from the embryos of seeds and leaves or inner bark of the potential pollen donors, using a method described by Murray & Thompson [38] . The extracted DNA from the adult trees was further purified using a High Pure PCR Template Preparation Kit (Roche). After RNA digestion, the DNA from the embryo of seeds and the potential pollen donors was diluted to a concentration of 2 ng/μL. DNA extraction was conducted in FRIM.
All samples were genotyped with ten microsatellite markers previously developed by Ujino et al. [39] , Lee, Tani [40] and Lee, Ng [41] . Polymerase chain reaction (PCR) amplifications were carried out in total reaction volumes of 10 μL using a GeneAmp 9700 (Applied Biosystems). The PCR mixture contained 0.2 μM of each primer, 1x QIAGEN Multiplex PCR Master Mix (Qiagen), and 0.5-3 ng of template DNA. The temperature profile was as follows: 15 min at 95°C, then 30-35 cycles of 30 sec at 94°C, 90 sec at 50-57°C and 90 sec at 72°C, followed by a 10 min extension step at 72°C. Amplified PCR fragments were electrophoretically separated using a 3100 genetic analyzer (Applied Biosystems) with a calibrated internal size standard (GeneScan ROX 400HD). The genotype of each individual was determined from the resulting electropherograms using the GeneMarker (SoftGenetics). The genotypic data from the undisturbed plot were the same as reported in a previously published paper [35] . The microsatellite genotyping was partly performed in Forestry and Forest Products Research Institute (FFPRI), Japan. DNA materials were transferred from Malaysia with permission by FRIM under the MOU between FRIM and JIRCAS. The genotype data were deposited into Dryad (DOI; http:// dx.doi.org/10.5061/dryad.7k434).
Microsatellite marker diversity, paternity assignment and mating system Before assigning paternal parents, the offspring with genotypes conflicting with the assumed maternal tree genotypes were excluded from the offspring genotype array. Such conflicts may arise where seeds are collected from under the canopy of a presumed maternal tree because seed dispersal and canopy overlaps between individuals of the same species may result in mixed seed collections. After exclusion of anomalous offspring, we used categorical allocation in combination with an exclusion procedure to identify candidate paternal trees. The paternity of each offspring was determined by likelihood ratios and their confidence levels (greater than 95%) were derived using CERVUS ver. 3.0 [42, 43] . To conduct likelihood tests in CERVUS, we created 100,000 simulated offspring genotypes from 600 potential paternal candidates, with a mistyping rate of 0.1% in the categorical allocation of both plots. However, if the paternal candidates identified by the likelihood procedure had more than two loci mismatches in the simple exclusion procedure, we assumed that the paternal tree of the offspring was located outside the plot and the seed was not assigned to any of the paternal candidates. Electropherograms were double-checked to confirm mismatches between the offspring and paternal candidate in order to minimize genotyping errors. Although the high exclusion power of the microsatellite markers was generally capable of assigning paternity to a single candidate or immigrant pollen, the difference in LOD score between the first and second candidates was not significant for four (1998), ten (2002), six seeds (2005) in the undisturbed plot [35] , and for two (1998), four (2005) seeds in the selectively logged plot. As a result, the number of genotyped seeds used for the subsequent analysis was shown in Table 1 .
Modeling pollen dispersal, variance of male fertility and inbreeding depression
Tani, Tsumura [35] have already developed the Bayesian approach to estimate the parameters of both dispersal kernel and male fecundity, which were based on modification of previous procedures [44] [45] [46] [47] . Here, we incorporated parameters representing the intensity of early inbreeding depression prior to seed maturation stage into the mating model because we analyzed the matured seeds for paternity analysis. Parameters and mating model. We applied power exponential dispersal kernel to the model based on the probability that pollen travels from its origin (0,0) to position (x,y) in the pollen cloud [48, 49] . This approach has been used in many previous studies [44, 50, 51] in the form
where Γ is the classically defined gamma function [52] and
is the pollination distance. The parameter b is a shape parameter, affecting the tail of the dispersal distribution, and a is a scaling parameter. See detail in [50, 53] . The male fecundity of each mature tree j in the plot was denoted F j and assumed to follow a log-normal distribution of mean = 1 and variance S 2 [44] . Hence,
Therefore, the logarithm of mature tree fecundities follows a normal distribution:
). The variance of male fecundity is related to the ratio of the observed density of pollen donors (d obs ) to the effective density of pollen donors (d ep ), defined as the number of equifertile pollen donors per unit area, which provides a probability of co-paternity before dispersal equal to that observed [54] . This relationship can be written as follows [44, 51] :
Probability of paternity assignment. Unlike the classical mating models [55, 56] , we categorized the probabilities of paternity of seeds from the ith mother tree into two levels: m i , the probability of an unrecorded pollen donor from outside the plot (immigration); and (1-m i ), the probability of fertilization by any pollen donor candidates from within the plot (including selffertilization). Probabilities were obtained directly from the paternity analysis. The probability m i was obtained from ñ i /n i , where ñ i is the number of seeds whose paternal donor was not detected in the plot and n i is the number seeds for paternity analysis from the ith mother tree. Subsequently, we included self-fertilized seeds to investigate the effect of early inbreeding depression. We separately used two distances, 0 m and 1 m, for self-pollen travel. The 1 m of self-pollen travel can explain geitonogamous pollen dispersal and is expected to reduce the pollen dispersal kernel's sensitiveness to dispersal over short distance [53] . The ratio of the jth pollen donor candidate's mating contribution to the ith mother tree in relation to the total number of seeds whose pollen donors were identified in the plot was defined aŝ
where n ij is the number of seeds from the ith mother tree sired by the jth paternal candidate. The expected probability of the ith mother tree's seeds sired by the jth pollen donor under outcrossing was modeled as
where q ij is the expected rate of mother tree's offspring sired by the jth pollen donor. f j is again the parameter for logarithmic male fecundity of jth pollen donor with the assumption of a normal distribution of mean-σ 2 /2 and variance σ 2 [44] . a and b were parameters for the dispersal kernel with exponential power distribution [reviewed in 50] . Note that the normalizing constant of the dispersal kernel cancels out and only one or zero candidate father was assigned to each offspring. c is the parameter for self-fertilization and 1 was substituted with w ij when ith mother tree is same as jth candidate pollen donor, otherwise 0 was substituted, for indexing selfing and outcrossing, respectively. It might be argued that we have not directly measured biological processes. However, if the posterior distribution of c is significantly lower than zero in model 1, the self-pollen cloud over the mother tree is underestimated compared to the number of detected selfed seeds, implying that self-pollen is selectively excluded from mating. Biologically, exclusion of self-pollination by various mechanisms of partial self-incompatibility (including exclusion of self pollen as a consequence of pollen competition), and inbreeding depression are involved in the process to exclude self-fertilized seeds. If the posterior distribution of c is significantly higher than zero in model 1, the self-pollen cloud over the mother tree is overestimated compared to the number of detected selfed seeds, implying that self-pollen is favored for mating. Biologically, prior and delayed self-fertilization, pollen discounting and outbreeding depression are among the factors favoring self-fertilized seeds. Hereafter, the parameter c is called as self-pollen affinity. The second scenario examined the effects and variance of early inbreeding depression between mother trees using the following model:
Here, c i is a parameter describing the overall effect of self-pollen affinity of the ith mother tree assumed to follow a normal distribution of mean μ s and variance σ s 2 . We applied model 2 only for 2005 event of the logged plot and all the events of the undisturbed plot because we could not obtain enough sampled seeds and mother trees from 1998 event of the logged plot.
The conditional likelihood function for M mother trees was expressed as LðqjF; a; b; c; dÞ
The full posterior distribution for model 1 was as follows: The prior parameter values of F j were assumed to be independent and have the same prior distribution. The log-scale male fertility, p(f|σ f 2 ), had a normal distribution with mean-σ f 2 /2 and variance σ f 2 [52] . The inverse of the hyper-parameter (σ f 2 ) was assumed to follow a gamma distribution with values of 0.001 for the shape and 0.001 for the rate parameters, as this represents little a priori information. For the mutually independent dispersal kernel parameters, a and b, we also assumed a prior gamma distribution of (0.001, 0.001) for all models. In model 1, the parameter c was assumed to have normal distribution with a mean of 0 and precision of 0.0001 as prior. In model 2, two hyper parameters of mean μ s and the inverse of variance σ s 2 of c i were assumed to follow normal (0, 0.001) and gamma (0.001, 0.001) prior distributions, respectively. Bayesian estimation using the Markov Chain Monte Carlo (MCMC) algorithm. The Bayesian analysis calculates the posterior distributions of the parameters, producing conditional distributions that are updated on the basis of observations [57] . Prior distributions were first defined and then modified according to observations concerning the probability of the paternal origin of the seeds. Re-parameterization to fit the data was performed by MCMC sampling using the JAGS software on the R platform [58] . The convergence of MCMC was assessed on the basis of observations after every nine iterations, according to the behavior of three chains with respect to all estimated parameters; these were visualized using CODA, (Convergence Diagnostic and Output Analysis) [59] . The value of Gelman and Rubin's convergence diagnostic was estimated to validate the convergence of MCMC for each parameter [60] .
Magnitude and composition of self and outcross pollen in pollen cloud. Given the parameter values of each MCMC iteration in model 2 for male fecundity (F = {F j } j = 1. . .N ) and the dispersal kernel p(a,b; x,y), jth tree's male fecundity in ith mother's pollen cloud (π ij ) and selfpollen in the pollen cloud of ith mother (π.self i ) was calculated from
respectively, where p ij = p(a,b;r ij ). Here, F.ith_mother j is the male fecundity of the jth pollen donor, which is equivalent to the ith mother tree. On the other hand, the total amount of outcross-pollen was calculated by subtracting the amount of self-pollen from the pollen cloud size of the ith mother tree:
The proportion of self-pollen to pollen cloud on the ith mother tree was calculated from
In order to evaluate the statistics, the 95% and 50% credibility intervals and median were sampled from the distributions that are output from each MCMC iteration.
Results
Mating system
The ten microsatellite markers showed sufficient variation to conduct a paternity analysis of each seed collected in both the undisturbed plot and the logged plot. On average, 12.3 and 8.4 alleles, ranging from 5-17 and 4-13 alleles per locus, were detected in the S. curtisii adult tree samples from the undisturbed and selectively logged plots, respectively. High polymorphic levels were detected in both plots (0.691 and 0.657 of PIC (Polymorphic Information Contents) values in the undisturbed plot and the logged plot, respectively), which were associated with the markers, resulting in a high total exclusion probability for identifying the second parents of offspring in the paternity analyses (0.999756 and 0.999379 in the undisturbed plot and the logged plot, respectively). Thus, paternity was assigned with high resolution (S1 Table) .
The m i pollen rates were virtually same as the rate of pollen dispersal from outside the plot (immigrant) because the high paternity exclusionary power of the microsatellite markers reduced the rate of cryptic pollen dispersal to a negligible level. The detected rates of pollen dispersal from outside the plot fluctuated between mother trees. The majority of mother trees produced relatively fewer seeds due to fertilization by immigrant pollen (less than 30% on average) during both events and in both plots. The proposed models require information on the paternity of seeds sired by all potential paternal trees inside the plot (including each mother tree). Therefore, approximately 70% of the collected seeds, 1-m i from both plots and the three events were considered informative for modeling (Table 1) . On the other hand, the estimated selfing rates (s) according to the paternity analysis showed a distinct difference between the two plots. Although a low selfing rate was detected for all mother trees in the undisturbed plot, more than 50% of seeds from mother trees in the logged plot were selfed and the selfing rate clearly fluctuated among the mother trees ( Table 1) .
Comparison of estimated parameters for inbreeding depression between the sites (model 1)
Gelman and Robin's convergence diagnostics showed that the posterior distributions of parameters generated by MCMC did not converge for the logged plot in 1998 event. This may be due to the small number of mother trees. However, the analyses for the undisturbed plot at all events and the logged plot in 2005 gave values of nearly 1.00 for the diagnostic of each parameter, although the parameters for the dispersal kernel gave slightly higher values for the selective logged plot in 2005 and undisturbed plot in 1998 (Table 2 ). These good convergences are probably due to the larger size of mother trees (Table 1) . We concluded that the posterior distributions predicted by the latter four analyses should be reliable. When the posterior distribution of each parameter was compared between two definitions of distance of self-pollen travel (0 m or 1 m), significance level of parameter c was not changed although the posterior estimation was different between the definitions (Table 2 and S3 Table) . We, therefore, henceforth applied the posterior distributions from the definition of 1 m as self-pollen travel. The 95% posterior credibility intervals of parameter c estimated for both events in the logged plot crossed through zero even though the analysis for 1998 did not converge (Table 2 ). However, the three events in the undisturbed plot were associated with negative ranges for the 95% posterior credibility intervals of parameter c ( Table 2) . This suggests that self-pollen was excluded until seed maturation in the undisturbed plots but not in the logged plot.
Fluctuation of parameters on inbreeding depression among mother trees (model 2)
Model 2 enabled the posterior distribution of parameter c to be estimated for each mother tree. When the 95% Bayesian credibility interval of parameter c i was compared between estimations using 0 m and 1 m as self-pollen travel, three mother trees in the logged plot in 2005 and two mother trees in the undisturbed plot in 2002 represented that the 95% Bayesian credibility interval of parameter c i was shifted to positive side in the 1 m definition as self-pollen travel. However, most of mother trees showed the same significance level between the two definitions (Table 3 and S3 Table) . Therefore, we applied the 1 m definition as self-pollen travel for the interpretation of the result. In the logged plot, the posterior 95% credibility interval of the parameter c i crossed over 0 or positive range for all the mother trees. Although the parameter c significantly deviated from zero to negative values in the model 1 for three events in the undisturbed plot, the posterior credibility intervals of c i of six mother trees in 1998, of three in 2002 and of seven mother trees in 2005 crossed over zero. The intervals for other mother trees were negative ( Table 3 ). The posterior distribution of parameter c i fluctuated less in the undisturbed plot than in the logged plot, that was supported by less median of posterior distribution of parameter σ s of three events in the undisturbed plot.
In an attempt to model the unknown conditions regulating the affinity of self-pollen of the ith mother tree (c i ), the amounts of self pollen (π.self i ) and outcross pollen (π.out i ) of the ith mother tree's pollen cloud and the proportion of self-pollen to pollen cloud of the ith mother tree (ρ i ) were calculated from the posterior distributions of parameters of male fecundity and the dispersal kernel. The proportion of self-pollen to pollen cloud (ρ i ) didn't show any relationship with the self-pollen affinity (Fig 2) . The amount of outcross-pollen also did not show any explicit relationship with the negative significance of self-pollen affinity (c i ). For example, mother trees with moderate amount of outcross-pollen in the undisturbed plot of 1998 and 2005 events showed negative significance of self-pollen affinity (Fig 3) . On the other hand, mother trees with larger amount of self-pollen (π.self i ) indicated negative significance of selfpollen affinity in the undisturbed plot (note that no negative significance was observed in the mother trees in the logged plot; Fig 4) . However, non-negative significance of self-pollen affinity was detected in two (1998), one (2002) and three (2005) mother trees that showed larger amount of self-pollen than the mother tree showing negative significance, with the smallest amount of self-pollen (Fig 4) .
Discussion
Reproductive assurance through compensation by selfing
In order to explain reproductive assurance under limited pollen conditions, as observed in the logged plot, we compared parameter c in model 1 between the undisturbed and logged plots. The posterior credibility intervals of c for the logged plot in both flowering events crossed over zero. These results imply that fertilization of the ovules of mother trees with self-pollen was not restricted and self-fertilized seeds grew into maturity in the logged plot. On the contrary, those from the undisturbed plot in the three events were negative (Table 2 ). Significant deviation of the posterior probability of c from zero to negative values for the undisturbed plot indicates that fertilization with self-pollen was prevented and/or self-fertilized ovules have been aborted before maturation. Several studies [12, 14] have suggested that prior and delayed selfing provides reproductive assurance. On the contrary, in addition to the lack of evidence of the prior and delayed selfing in dipterocarps, our empirical results could be explained by prior and posterior mechanisms of mating under competing selfing. Kenta, Shimizu [61] observed adhesion, germination and growth of self-and outcross-pollen of Dipterpcarpus tempehes; the proportion of outcross-pollen tubes that entered the style was 1.7-2.3 times higher than that of self-pollen tubes, although the adhesion and the germination of self-pollen and the growth of self-pollen tubes were not inhibited. This is one of the evidences of prior mechanisms to exclude self-pollen. It has been reported that selfed seeds of dipterocarps generally suffer from inbreeding depression [33, 62] , which is one of the posterior mechanisms. Ghazoul, Liston [63] also observed differences in the pollen loads on stigma and fruit development of S. siamensis between undisturbed and highly disturbed forests and inferred that fertilized inbred fruit was Table 3 . Posterior median and 95% (50%) Bayesian Credibility of parameter for self pollen affinity to each mother tree and its variation estimated from model 2 when 1 m was defined as self-pollen travel.
Parameter
Mother tree ID 2.50% 25% 50% 75% 97.50% R aborted at a very early stage of development. The reproductive assurance observed in the logged plot may arise from competing selfing in this species. In other words, higher outcrossing in the undisturbed plot may be due to the exclusion of large amounts of self-pollen. Nevertheless, it should be noted that the actual pollen dispersal pattern and pollen cloud might be more complicated than the ideal case as suggested in the model. Having said that, the estimated pollen dispersal kernels in the undisturbed plot showed that ca. 20% of the pollen was dispersed up to 3 m from the origin, compared to ca. 70% in the logged plot. Because a 3 m radius is considerably smaller than the size of a typical S. curtisii crown, large amount of self-pollen is likely to reach the style of each mother tree's flower (including via auto-and geitono-pollination) in the logged plot. The former and latter observations imply that partial self-incompatibility and inbreeding depression are in operation during seed maturation. Although parameter c cannot discriminate these factors, these mechanisms may be important under the conditions where large amount of outcross pollen is available, such as the case of high density population like the undisturbed plot, and can significantly reduce the estimates of parameter c.
Factors that regulate reproductive assurance and maintain outcrossing
No clear relationship between the proportion of self-pollen to pollen cloud (ρ.self i ) and the posterior median (and 95% Bayesian credibility interval) of self-pollen affinity (c i ) was discerned (Fig 2) and the proportion of self-pollen to pollen cloud (ρ.self i ) also did not indicate clear relationship with the selfing rate (figure not shown, data was shown in S2 Table) . These results implied that pollen cloud composition did not have direct influence on the mating system and the genetic composition of matured seeds. Rather, it was the biological factors that control the genetic composition of matured seeds during pre-and post-mating processes. Caution should be exercised while inferring the levels of reproductive assurance and exclusion of self-pollen because of the large Bayesian credibility intervals of the self-pollen affinity (c i ), amount of pollen (π i ) and pollen cloud composition (ρ i ). This may be due to the calculation procedure, i.e., composition of the pollen cloud was calculated from the posterior distribution of dispersal kernel parameters (a and b) and male fecundities of all individuals in each plot (F j ). This estimated pollen cloud did not take into account the effects of factors such as flowering phenology differences and pollinator behavior on the actual pollen cloud composition. For example, the amount of outcross-pollen may have been over-estimated if the phenology of a mother tree deviated from its neighbors. Despite these limitations, the amount of self-pollen showed relationships with the self-pollen affinity (Fig 4) . In contrast, the amount of outcrosspollen did not correlate with the self-pollen affinity (Fig 3) . This implies that reproductive assurance is effective when the supply of self-pollen is relatively less (Fig 4) . Consequently, the number of selfed seeds is increased. On the other hand, self-pollen was selectively excluded due to partial self-incompatibility and/or inbreeding depression when large amount of self-pollen was available. Thus, once the amount of self-pollen falls below a critical value, the self-pollen affinity and selfing rate increases, maintaining reproductive assurance in S. curtisii.
Selective abortion of selfed seeds [64] [65] [66] may be one of the main factors behind this phenomenon. Because of the short dispersal distance of self-pollen, the amount of self-pollen is nearly corresponding to male fecundity of the mother trees even in the applying 1 m definition of self-pollen travel. Further, the male fecundity should be positively related to the number of female floral organs on each mother tree due to the hermaphroditic nature of the species. The limited resource of mother trees is likely to promote selective abortion of selfed seeds when the mother trees have larger number of female organs. In contrast, mother trees with smaller number of female organs may invest their resources in selfed seeds to ensure reproductive assurance. Naito, Kanzaki [67] estimated flower and seed production of 15 focal trees of S. accuminata (belonging to same section Mutica). All the trees with large flower production showed high rate of premature seed abortion. On the other hand, some trees with smaller flower production showed lower abortion rate (Table 2 ) [67] . This observation corroborated with our results. The reproductive assurance was related to the level of selective abortion that was possibly equivalent as inbreeding depression represented by the level of parameter c i in terms of the concept of parameter in this study.
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